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THE DEI?SITINOF LIQUIDTRITIW, 20.6° TO 29° K

Abstract

Most of a 70 cc (STP)sampleof tritium(containing2.0%HT)

was liquefiedin a Pyrexbulb of 58 mu?capacitybetweentwo

fixedmarks. The amountof gas used for thisfillinggave the

differencebetweenliquidand gas density. The resultswere

correctedfor gas densityand for the presenceof HT.

-3-



THE TRITIUMSAMPIE
9

For thiswork 70 cc (STP)of tritiumwas used. The source,puri-

fication,and storagehave been describedelsewhere.
(2)

The gas used

“)E. R. Grilly,J. Am. Chem.Sot.~, 843 (1951].

in the presentwork contained2.0%HT and negligibleamountsof other

constituentssuch as H2$ airj and tritocarbons$all determinedmass

spectromtrlcally.

Thiswas essentially

THE APPARATUS

the same as thatused in the vaporpressure

(2) In addition,therewere provisionsfor measufingmeasurements.

accuratelythe amountsof gas and of liquid. For the former,the gas

was keptunder constantvolum, constanttemperature,and variable

pressure,or approximately2% cc, 2s0 C, and O to 230 mmHg, respec=

tively. The Pyrexliquidbulb consistedof a 17 mm lengthof 2 mm I.D.

tubing,aboveand belowwhichwere regionsnarroweddown to O.~ mm I.D.

Inkedreferencemarksfor the liquidlevels,nempty~and ~full$~were

put on the narrowregions. The bulbwas observedthrougha traveling

microscope.The bulb volumewas calibratedwith liquidhydrogenat

19.SQK, the averageof six determinationsgivingavolume of 57.80mm3

with a mean deviationof: O.06$. Volumedeterminationswere alsomade

between14° md 22.8°, but no

liquidhydngen molarvolumes

consistentvariationwas observed. The

below20.40wem takenfnm Soott and

-4-



Brickwadde,(3) (4)and thoseabove20.)4°, fromWoolley$ScottSand Brickmdde~

(3)
R. B. Scottand F. G. Brickwedde,J. ResearchNatl.Bur.Standards,

~~ 237 (1937).

(4) H. W. Woolley,R. B. Scott,and F. G. Brickwedde,ibid.,& 379-475

(1948).

who recomputedthe resultsof Mathias,Cmnmelin$ and Onnes.
(5)

At 19.500°K

the valueueedwas 28.o21cc/nmle.

(5)
E. Mathia8$C. A. Crommelin$and H. KamsrlinghOnnes,Comm.Leiden,

l~4b (1921).

PROCEDURE

The Toeplerpumpwas used to transferlow-pressuregas into the con-

densingtube so thatthe liquidleveljustcame to the bottommark. The

amountof gas lefton the otherside of the pump wss mmsured by noting

the pressure. More gas was liquefieduntilthe uppermarkwas roaohed.

Bulb immersionIn the bath was kept 1 cm abovethe markby raisingthe

dewar. Againthe amountof gas leftwas measured. The amountof gas

(inmoles)used to fill the liquidbulb dividedby the bulb POIU (be-

tweenthe marks)givesthe differencebetweenIAquidand gas densities.

The gas

maximum

densitieswere calculatedas previously(2)and amounted

correctionof 3.6%. To make a slight(0.3%)correction

to a

for the
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2.@ HT, linearitybetween

- the molarvolumeof HT

mole fractionand molarvolumewas assured,

was takenequalto that of D2.

~ULTS

As a check,the densityof deuteriumat 19.4&K was determined

(aftercorrectingfor 0.72%HD) to be 42.89mole/liter,0.2$ higher

~ (6)thanthe resultof Clusiusand Bartholomew.

(6)K0CIUSiUSand E. Bartholomew,2. phyaikChem.[B] a, 237 (1935).

TableI givesthe tritiumresultsas follows: the directmeasure-

mentson liquiddensityminusgas density,the calculatedgas densities;

the liquiddensitiesaftercorrectingfor 2.@ HT; the deviation of the

finaldensitiesfroma smoothcurve. TableII givessmoothedtritium

densitiesat severaltemperatures,fromthe triplepointto 29”K.
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TAME I

MOLARDENSITIESOF LIQUIDTRITIUM

p fl(a)fl ~i: )b
liq gaa

(~K) gas Dev. from
(mole/liter) curve

20.61 L5.17 0.13

22.50 43.97 .16

22.99 L3●51 .29

23.59 h3011 .35

24.41 42.49 .44

24.72 b2024 .48

25.66 4.1.53 .62

26.36 40.91 . ●73

27.09 40.17 .87

28.32 39:06 1.I.4

29.13 38.o2 1.37

(a)
With 2.0% HT present.

(b)
Correctedto 0.0%HT.

TABLEII

SMOOTHEDMOLARDENSITIESOF

T T

45.39

44.21

43.88

43.55

43.01

42.81

42.25

41.7L

41014

40.31

39.L9

0.04

- .01

- ●04

.00

- .01

- ..02

.03

●00

- .05

.07

- .06

IJQUIDTRITIUM

/

20.62 45.35 25 42.65

21 45.12 26 &l.98

22 44.52 27 U.26

23 43.91 28 40.48

24 43.29 29 39.66
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ACCURACY

I

Erroranalysisshowsthe follo&g possiblecontributionsto

<, ./ ~u values(firstas directunits,then as errorper cent):

(a) missinga liquidlevelmark,0.2 mm = O.O~%;(b) temperatureof

the bath,0.003°=0.00S%= (c) temperatureof the liquidtritiumbeing

abovethe bath temperaturedue to radioactiveheat,0.0060= O.Ol~;

(d) temperaturein the gas measuringsystem,O.1° = 0.03%; (e) pressure

of the gas,0.1 mmHg = 0.045; (f)volumeof the gaeg O.O~ CC - 0.02%.

Thesegive a maximumerroroft 0.18%if additiveor a Wprobablewerror

of + 0.08%if random. The gas densitiesshouldbe accurateto 0.1% in

the best case (lowesttemperature)axl to 1% in themrst, contributing

-8-

O.OOO% and 0.04$ errors,respectively.FinalYy, the HT correctionshould

be reliableto 3$, contributing0.01%error. Summarlzing$the liquid

densitymaximumerrorshouldbe 0.23%for the wozwtcaee.
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